Abstract
Results
Of all participants, 19.9% reported experiencing depressive symptoms. The prevalence of depressive symptoms was 13.0% and 29.2% in participants with good and poor parental relationships, and the prevalence of depressive symptoms was 11.4% and 30.9% in participants with closed and alienated parental-child relationships, respectively. Parental relationships, parental-child relationships, and negative life events were positively correlated with depressive symptoms. The effect of parental relationships on depressive symptoms was fully mediated by negative life events (Effect = 0.052, 95% CI = [0.023, 0.082]), while the effect of parent-child relationships on adolescent depressive symptoms was partially mediated by negative life events (Effect = 0.075, 95% CI = [0.048, 0.104]). PLOS 
Introduction
Adolescence is a critical life transition period marked by substantial physical, behavioral, cognitive, and emotional changes, and it is a period during which adolescents are under considerable social pressure, especially in China [1, 2] . Depression is very common among adolescents worldwide, with a depressive disorder prevalence of approximately 6% [3] and a significant global disease burden [4] . In China, a meta-analysis reported that the pooled point prevalence of major depressive disorders in children and adolescents was 1.3% [5] . Depressive symptoms, though not an adequate standard for the clinical diagnosis of depressive disorders, seem to be quite stable throughout adolescence, and individuals who experience depressive symptoms earlier in adolescence are more likely to continue reporting depressive symptoms later in life [6, 7] . A recent systematic analysis showed that 24.3% of adolescents in secondary schools in mainland China suffered from depressive symptoms [8] . Depressive symptoms can bring about many negative consequences, such as poor academic performance [9, 10] , poor interpersonal relationships [11] , and antisocial behaviors [12] . Moreover, depression can result in suicide [13] .
Understanding the risk factors of depressive symptoms is a vital first step in developing effective preventive strategies and measures. Studies on depressive symptoms in adolescents have reported various characteristics or associated factors, including sex [14, 15] , grade [16] , health status [17] , personality vulnerabilities (e.g. low self-esteem) [18, 19] , and school environment (such as student-student and student-teacher relationships, classroom management practices) [20, 21] . The transition to adolescence is indicated not only by the development of a reproductively mature body but also by a plethora of challenges in almost every domain of life. Various studies have reported that during this transition into adult life, some young people experience stressful events that, depending on their type and intensity, may lead to psychological problems of an externalizing (aggressiveness and antisocial behavior) and/or internalizing nature (depression and anxiety) [22, 23] . It has been found that the presence of negative life events is a reliable risk factor for the development of depressive symptoms [24, 25] . Adolescence is also characterized by substantial room for change in attachment relationships. Adolescents face important interpersonal challenges, including the renegotiation of relationships with parents and increased involvement with peers and friends [26] . Family is the most stable source of support throughout adolescence. A growing body of evidence highlights the important role of families in the prevention of internalizing problems in children and adolescents [27] [28] [29] , of which depressive symptoms are the most frequently reported to be associated with family relationships among adolescents. Factors impacting depressive symptoms include parental warmth [30] , support from parents [31] or inter-parental conflict, parental divorce [32, 33] , and poor parent-child relationships quality [34, 35] . In fact, the relationship between family cohesion and depressive symptoms has been found in longitudinal work as well, such that decreased perceived family cohesion predicted increased depressive symptoms 1 year later in a study of adolescents [36] . The family systems theory [37] considers that family, as a basic emotional unit, has influence over maintaining the homeostasis of the system. The system may be easy to disrupt if parents have conflicts with each other. When children perceive instability of the system brought about by parental marital conflict, they may engage in problematic behavior. Family problems could lead to insecurity, conflicts with classmates and other negative problems in adolescents. In a two-year longitudinal study, the combined effects of an unfavorable parent-adolescent attachment with negative life events on mental health was found to be larger than the sum of the two individual effects [38] . However, few studies have examined the role of negative life events in family relationships and depressive symptoms.
Given that negative life events are well established as a risk factor for depressive symptoms, we hypothesize that family relationships (parental relationships and parent-child relationships) are related to depressive symptoms among adolescents and that this relationship is mediated by negative life events. Therefore, the aims of the current study were to (1) describe the prevalence of depressive symptoms among middle school students with different types of family relationships; (2) explore the associations of family relationships and negative life events with depressive symptoms in a large sample of adolescents 11-16 years of age in China; and (3) clarify the role of negative life events between family relationships and depressive symptoms.
Methods

Participants
This cross-sectional study was conducted in Ganzhou City, Jiangxi Province, China, from September to October in 2017. Four regions were selected for this study: two in rural areas and two in cities. Two schools were chosen at each survey point. In total, eight schools were selected, and three classes were randomly selected from each grade in each school. There were 72 classes in the selected schools included in the study. The well-trained data collectors distributed the paper questionnaires to participants, and the participants completed questionnaires in the classroom during regular class time. A total of 3176 students participated in the questionnaire survey. Of the 3176 students, the data from 95 students were excluded due to missing data, and the final sample size for the present analyses was 3081. This study received approval from the Ethics Committee of Jilin University School of Public Health (No. 2017-08-16). The goals of the study were shared with all of the participants and they expressed their willingness to participate. Written informed consent was obtained from participants and their parents or legal guardians. The characteristics of the participants are reported in Tables 1 and 2 .
Students' information
The information was obtained using one self-administered questionnaire created by the research team. The questionnaire comprised information about individual characteristics: sex, grade, school type (urban or rural); and health-related behaviors, namely, tobacco and alcohol consumption, as well as physical activity. Concerning tobacco and alcohol, participants were classified as nonsmokers/nondrinkers if they had never used and as smokers/drinkers if they smoke/drank regardless of the frequency and quantity [39] . Regarding exercise status, participants were asked how often did they usually exercise per week outside school hours, and the frequency of physical exercise was divided into two categories: frequent exercise (greater or equal to three times per week) and lack of exercise (less than three times per week) [40] . Selfrated health was assessed by asking participants what they thought of their health status in the previous year, with the following response options: very poor, poor, fair, good and very good. In addition, life stress and study stress were evaluated with the following two questions: 1) How do you feel about your life stress in the previous years? and 2) How do you feel about your study stress in the previous years? The response options for the two questions included very low, low, fair, high and very high. Due to the small number of responses in some -tests for categorical variables. ORs, abbreviation of odds ratios, were derived in logistic regressions modeling the probability of having poor parental relationships. ��� P < 0.001. categories, we combined the data on self-rated health status and self-rated life and study stress into three categories (self-rated health: poor, fair and good; self-rated life or study stress: low, fair and high).
Family information
Participants provided details about their family and included the following information: residential background (urban or rural), family type (stem, nuclear, single parent or foster family), and parents' education (junior college or greater, senior school, junior middle school, or primary school or less). Stem family is defined as a family model in which parents and a married child live together. It usually includes immediate family members such as grandparents, parents and unmarried children. The stem family is the transition from extended family to nuclear family. Nuclear family, also known as small family, is a family unit based on marriage. It usually includes husband, wife and their unmarried children. Single-parent family refers to a family consisting of one parent and children. Foster family refers to parents who have children in relatives' homes due to work or other reasons. The parental relationship was assessed with a single question: How is your parental relationships? Response options included good and poor [41] . The parent-child relationship was evaluated with the following two questions: 1) What is your father's relationship with you? and 2) What is your mother's relationship with you? The response options included closeness and alienation [42] . If the participant did not have parents, the corresponding option would have a missing value, so the above process of deleting the missing value included excluding participants without parents.
Negative life event assessment
The degree of negative-event-induced stress was determined by the Chinese version of the Adolescent Self-Rating Life Events Checklist (ASLEC), a 6-point scale developed by Liu Xianchen and his colleagues [43] , who combined the characteristics of Chinese teenagers based on Chinese and foreign literature. The checklist consists of 27 items regarding six factors: interpersonal conflict; academic pressure; punishment; loss; health and adaptation problems and others. If participants had experienced an event, they were asked to rate the extent to which the event influenced them over the last 12 months. Items were evaluated on a scale of 1 (not occurring) to 6 (influenced me extremely). The reliability and validity of the ASLEC have been supported in samples of Chinese college students [44] . The Cronbach's alpha for ASLEC was 0.928 in the current study.
Depressive symptom assessment
To assess depressive symptoms, the Chinese Secondary School Students Depression Scale (CSSSDS) developed by Wang Jisheng was utilized [45] . The scale contains 20 items and each item is rated on a 5-point scale ranging from 1-5. The final scores were calculated by the sum of the scores of all items and divided by 20. The scores ranged from 0-5, and the cut-off used to identify participants presenting depressive problems was > 2. The Cronbach's alpha for CSSSDS was 0.944 in the current study.
Data analysis
The data are presented as the mean with standard deviation (SD) and number (proportions 
Results
Sample characteristic and depressive symptoms
The sample comprised 1565 (50.8%) males and 1516 (49.2%) females, with ages ranging from 11 to 16 (Mean = 13.51 years, SD = 1.07). The study included 979 (31.8%) students in grade one, 1085 (35.2%) students in grade two and 1017 (33.0%) students in grade three. Additionally, a total of 1316 (42.7%) participants reported that their parents' relationships were poor, and 1341 (43.5%) participants reported that their parent-child relationships were alienated. Table 1 shows the basic characteristics of the participants according to the categorized parental relationships. Among all the participants, those with poor parental relationships reported a higher proportion of smoking, drinking, and lack of physical exercise than those with good parental relationships (P < 0.001). Statistical significance was observed for the distribution of all basic characteristics except for the variables of sex and single child in the family among different parental relationships groups. Details of the basic characteristics of participants with different parental relationships are described in Table 1 . Table 2 presents characteristics of the sample across the different categories of parent-child relationships groups. Groups differed on all basic characteristics except sex. The proportions of participants in the third grade with close and alienated parent-child relationships were 29.2% and 38.0%, respectively. Additionally, participants with an alienated parent-child relationship reported a higher proportion of high life and study stress than those with a good parental relationship (P < 0.001). Details of the basic characteristics of participants with different categories of parent-child relationships groups are described in Table 2 .
The results of the cross-sectional analysis of depressive symptoms in participants with different groups of parental relationships and parent-child relationships are presented in Table 3 . Of all participants, 19.9% reported experiencing depressive symptoms. The prevalence of depressive symptoms was 29.2% and 30.9% in poor parental relationships and alienated parent-child relationships, respectively. Moreover, compared with participants with good parental relationships and close parent-child relationships, participants with poor parental relationships and alienated parent-child relationships were 2. 
Analysis of correlations
The pearson correlations (two-tailed) for parental relationships/parent-child relationships, negative life events, and depressive symptoms are presented in Table 4 . The results showed that the correlation coefficients ranged from 0.234 to 0.692 and all were significant (P < 0.001). parental relationships, parent-child relationships, and negative life events were positively correlated with depressive symptoms. Moreover, parental relationships and parentchild relationships were positively correlated with negative life events.
Testing for the mediation effect
To test the mediating effects, a multiple linear regression analysis was used to examine whether negative life events mediate the association between parental relationships/parent-child relationships and depressive symptoms. Furthermore, we adjusted the confounding factors that were significant to the independent variables in each mediation effect analysis. Table 5 and  Table 6 display the testing results. In the first step, parental relationships/parent-child relationships were significantly associated with depressive symptoms (B = 0.058, β = 0.046, P = 0.016 for parental relationships and B = 0.163, β = 0.130, P < 0.001 for parent-child relationships). In the second step, parental relationships/parent-child relationships were significantly associated with negative life events (B = 2.837, β = 0.073, P < 0.001 for parental relationships and 
0.692
��� B = 4.047, β = 0.104, P < 0.001 for parent-child relationships). In the third step, when we controlled for parental relationships/parent-child relationships respectively, negative life events were associated with depressive symptoms (B = 0.018, β = 0.573, P < 0.001), but the effect of parental relationships on depressive symptoms was disappeared (B = 0.005, β = 0.004, P = 0.784). The effect of parent-child relationships on depressive symptoms was reduced (B = 0.088, β = 0.070, P < 0.001).
In addition, we reconfirmed the effect by employing the PROCESS macro (Model 4) in SPSS to perform the bootstrap method. The results showed that the direct effect of parental relationships on depressive symptoms disappeared and that the direct effect of parent-child relationships on depressive symptoms was reduced. We calculated the 95% CI based on 5000 bootstrap resampling. The indirect effects of parental relationships and parent-child relationships on depressive symptoms through negative life events (95% CI = [0.023, 0.082], 95% CI = [0.048, 0.104]) were both significant, as zero was not contained in the 95% CI. Thus, we confirmed that negative life events fully mediated the association between parental relationships The results adjusted for grade, school type, smoking, drinking alcohol, physical exercise, self-rated health, self-perceived life stress, self-perceived study stress, residential area, family type, fathers' education level, mothers' education level, and parent-child relationships. ��� P < 0.001.
https://doi.org/10.1371/journal.pone.0219939.t005 Table 6 . Testing the mediation effect of life events in the association between parent-child relationships and depressive symptoms (Ganzhou, China) (n = 3081).
Step 1: Parent-child relationships predicts depressive symptoms and depressive symptoms and partially mediated the association between parent-child relationships and depressive symptoms.
Discussion
Our study selected middle school students as the participants and found that poor parental relationships/parent-child relationships were associated with an increased risk of depressive symptoms before adjusting for potential confounders, while poor parental relationships became not statistically significant after the adjustments. This result laid the foundation for subsequent study of the role of negative life events. We formulated a mediation model to examine whether negative life events mediate the association between family relationships and depressive symptoms. Our findings showed that the effect of parental relationships on adolescent depressive symptoms was fully mediated by negative life events, while the effect of parentchild relationships on adolescent depressive symptoms was partly mediated by negative life events. The findings of this study have the potential to extend our knowledge about the relationship between family relationships and depressive symptoms in adolescents, which may be helpful for the improvement of family relationships and the prevention of depressive symptom development in adolescents.
Using the CSSSDS with a cut-off score of 2, our study found that the prevalence of depressive symptoms among middle school students in Ganzhou city was 19.9%, and the result was similar to previous literature findings [16, 39, 48, 49] . We also found that the prevalence of depressive symptoms was 13.0% and 11.4% with good parental relationships and parent-child relationships, and the prevalence increased to 29.6% and 31.1% among those with poor parental relationships and parent-child relationships, respectively. A poor parent-child relationship could increase the risk of depressive symptoms even if adjusted for negative life events and other potentially confounding factors, which supported the findings of previous studies [38, 50] . The influence of family relationships on depressive symptoms can be explained as follows: according to attachment theory [51] , theories regarding the connectedness-individuation link [52] , and theories dealing with parenting practices [53] , positive developmental outcomes with lower levels of depressive symptoms occur when adolescents have close relationships with their parents. Lower-quality relationships with parents may result in more depressive symptoms because adolescents in such relationships gain low support from their parents when facing emotional problems [54] . Despite normative changes in the parent-child relationships during adolescence, including greater strain and conflict, the family remains a critical source of support, and adolescents continue to use their parents as a guide for understanding and determining how to approach emotions.
The correlation analysis of this study showed that parental relationships/parent-child relationships were related to negative life events and depressive symptoms, as confirmed in other studies [55, 56] . Possible explanation of our findings could be that better family relationships are associated with fewer negative life events and fewer depressive symptoms. A harmonious family relationship could lead to resolution of a negative life event by the mutual care and mutual help of family members. This may help them be more positive and less likely to have a mental illness. Our study suggested that negative life events positively predict depressive symptoms and this finding supported that individuals with more negative life events were more likely to suffer from depressive symptoms [57] .
We also observed the mediating effect of negative life events between family relationships and depressive symptoms. The effect of parental relationships on adolescent depressive symptoms was fully mediated by negative life events, while the effect of parent-child relationships on adolescent depressive symptoms was partly mediated by negative life events, which confirmed our hypothesis. Simple mediation analyses suggested that adolescents who were frequently exposed to poor family relationships would have more negative feelings about negative life events or even experience more negative life events which, in turn, can lead to depressive symptoms. The present findings were in accordance with separate lines of research showing that 1) family factors can predict adolescent's depressive symptoms [58, 59] , 2) supportive family relationships are linked to negative life events [55] , and 3) negative life events are associated with depressive symptoms [25, 60] . According to our mediation models, the effect of negative life events on parental relationships/parent-child relationships and depressive symptoms may be explained as follows.
According to family systems theory, a good parental relationship is the cornerstone of family harmony, and a parent-child triangular relationship seeks to stabilize parental emotion, alleviate family conflicts, and form a balanced family system [37] . Family cohesiveness, a home life characterized by emotional warmth and affection, and emotional support from parents who are accessible and available are known factors that protect against depression [61] . A previous study has pointed out the important role of supportive family relationships in the behavioral adjustment of adolescents, such as those characterized by cohesion, communication and affection, which could protect them against some negative consequences of stressful life events [55] , and may not increase the risk of mental health problems. Even if negative life events occur, individuals with good family relationships will receive support from their family members, appraise the stressors properly and adopt positive coping strategies [62] . Accordingly, parent-child communication may influence the degree of depressive symptoms by shaping children's stress coping abilities.
Conversely, a poor family relationship may have a negative effect on the development of adolescents. Parental divorce was a significant risk factor for depressive symptoms in adolescents [33] . Adolescents were not the main participants when parents were in conflict, but they may have adopted negative coping strategies and triggered a series of negative life events in order to face the disharmonious family environment. When children were alienated from one or both parents, they did not gain care or support from their parents, which may directly or indirectly affect mental health. A poor family relationship, as a kind of negative life event, may lead to more negative events incidences and make children more prone to negative impacts in real-world situations. For example, children and adolescents in homes with high conflict may have difficulties in their own social relationships, and may be prone to developing poor interpersonal skills with others [63] . In addition, children and adolescents who have experienced the breakdown of parental marriage and conflicts will show frequent problematic behaviors and poor academic performance later in life [64] . In other words, when adolescents were in a disharmonious family relationship, the feelings resulting from negative life events and the effects of negative life events were stronger than in those with good family relationships. The occurrence of many negative life events may increase the possibility of depressive symptoms among adolescents.
Our study has several strengths. First, we used the Chinese Secondary School Students Depression Scale (CSSSDS), which was specifically compiled according to the characteristics of Chinese secondary school students to evaluate the depressive symptoms of participants. Second, to improve the reliability of the results, our study adjusted for most of the confounding factors such as grade, school type, smoking, drinking alcohol, physical exercise, self-rated health, self-perceived life stress, self-perceived study stress, residential area, family type, single child in the family, fathers' education, mothers' education, and parental relationships/parentchild relationships.
Several limitations of our study must be acknowledged. First, a cross-sectional survey design cannot determine the directionality of the observed relations. Second, all the information in this study stemmed from self-reported questionnaires completed by the participants; therefore, recall bias may exist in the process of information collection. Third, family relationships were evaluated using only two questions, and they were only suitable for the evaluation of the relationships among fathers, mothers and children and did not include relationship evaluations for participants and other family members.
Conclusions
Our results showed a high prevalence of depressive symptoms in middle school students. The effect of parental relationships on depressive symptoms was fully mediated by negative life events, and the effect of parent-child relationships on depressive symptoms was partly mediated by negative life events. Much attention should be paid to the relationship between family relationships and negative life events and the development of family-based preventive interventions related to adolescent depressive symptoms.
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